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Abstract 

Aiming at reducing weight of equipment, saving material 
and increasing lifting capability of crane, variable stiffness 
structure is designed in project. Ccumbersome calculation 
has increased the design difficulty of variable stiffness 
structural. For large slenderness ratio telescopic jib structure, 
the existing calculation methods simplify self weight as 
concentrated load and assume obeying small deformation 
criterion. For flexural deformation, the effect of self weight 
different distribution and large deformation caused by 
nonlinearity can not be ignored. Based on the effect of self 
weight different distribution and large deformation, a 
mathematical model of telescopic jib displacement was 
established and deduced out a formula of endpoint 
displacement of large slenderness ratio telescopic jib 
structure. In addition, large-deformation finite element 
method is used as a criterion to evaluate the correctness and 
precision of theoretical calculation formula. 
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Introduction 

Telescopic jib of truck crane is an important load- 
bearing component, whose function directly affects the 
working performance of the whole machine, and 
material is applied to improve the working 
performance of telescopic jib as far as possible, based 
on equivalent-strength design. In general, structure 
stiffness changes with the changing structural internal 
force, so variable stiffness structure is designed. The 
difficulty of variable stiffness structural design is 
increased by complicated and cumbersome calculation. 
At present, there are two groups of typical method to 
calculate the displacement of variable stiffness 
component: analytic method and finite element 
method. Analytic method needs to build simplified 
calculation model, and uses mathematical method to 
get the result, and the degree of difficulty to get the 
result can vary with the degree of simplified model. 


different types of constraints, the verbosity of 
primitive function, and so on. With the help of finite 
element theory and mature finite element analysis 
software, analysis accuracy is improved by 
establishing model that is more accurate and closer to 
the reality. Finite element method has been widely 
used in the mechanical engineering field. Reference to 
the present document, there isn't study of researching 
the different working way of self weight. For large 
slenderness ratio telescopic jib, different working ways 
of self weight lead to different flexural deformation 
and different stiffness of different jibs increases the 
effect of self weight on jib deformation. Therefore, the 
different working ways of self weight can not be 
ignored in the design process of variable stiffness 
structure. Displacement calculated method is studied 
considering the effect of self weight working ways and 
nonlinear deformation. A calculating formula of 
endpoint displacement of telescopic jib structures is 
deduced, in addition, large deformation finite element 
calculation method is used as criterion to evaluate the 
correctness and precision of formula in this paper. 

Calculation Considering Weight Effect 

Variable cross-section jib structure is a biaxial bending 
component. The bending stress is more significant, so 
it is usually treated as cantilever jib. The simplified 
analysis model of telescopic jib structure considering 
weight effect is demonstrated in Fig 1. In the luffing 
plane, the deflection curve slope of the point between 
jib luffing hinge point and upper hinge point of 
hydraulic cylinder is near zero, so converted basic jib 
length can be expressed as 

A = L — /j / 2 (l) 

Where L, is the length of basic jib and l x is the length 
between jibs luffing hinge point and upper hinge point 
of hydraulic cylinder. 


99 



ww w. seipub . or g/ r ame 


Researches and Applications in Mechanical Engineering Vol. 2 Iss. 4, December 2013 


The inertia moment of every jib section / , the length 
of each jib L t and the serial number i are indicated in 

Fig 1- 


/i Qi h Q2 


-Li- 


-Lz 


^ / '~ 1 lj Q* IinQi+i Ik Qk 

i 1 i j+|1 f Af 


~Lj-\- 

- 1 - 


Li- 


i *+ 
— Lj+i 


-L k - 


X *i- 


FIG 1 STRUCTURE MODEL CONSIDERING GRAVITY EFFECT 


There are concentrated force P , axial force N and 
bending moment M effect on the k point shown in Fig 

1. There is an implicit assumption that the load It of 
each jib is evenly distributed along the whole length of 
each jib respectively. Almost all the slenderness ratio 
of telescopic jib are larger than 30, so telescopic jib 
belongs to compression-bending column. Deformation 
of jib caused by bending moment and axial force can 
not be neglected. According to literature 8, the 
deformations respectively caused by concentrated 
force, axial force and bending moment can be solved 
and the total deformation of endpoint of the jib can be 
gained, based on superposition principle. 
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FIG 2 MODEL OF CALCULATION 


To calculate the total deformation, three models are 
abstracted from Fig 1, as expressed in Fig 2, 

considering the effect of P , M and Li separately. 

The i — 1 point is processed into fixed end and 

substitute i for i — \ . 


Deformation Calculation Under External Load 


According to literature 2, the deformation of top jib 
respectively caused by concentrated force and bending 
moment can be described as 
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Deformation Calculation Under Weight Load 

Apply a per unit concentrated force to the deformation 
direction, based on principle of virtual work, in the 
course of the calculation of the geometric linear 
displacement of structure. Internal-force equation of 
each segment in virtual state can be expressed as 
segment , i : M = — x 

segment , i + 1 : M — —x ^ 

segment , k : M = — x 

Internal-force equation of each segment in actual state 
can be expressed as 

segment. i : M p = — [0.5g. (x — /3 i+x L — (3 k L) 2 

+ <h + \P m L(x - 0.5 P m L - P k L) 

+ q k Pk L (x-0.5P k L) 
segment i + 1 : M p = — [0.5g I+1 (x — P k L) 2 

+ q k P k L(x-0.5/3 k L) ( 5 ) 

segment .k : M p = — 0 .5q k x 2 

Treat the structure in Fig 2.(c) as a uniform cross- 
section cantilever beam with equal section inertia f . 
Deformation caused by the acting force of segment i 
can be derived from 
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Self weight ^ is the mass sum of the /th jib mainly in 
three parts: the jib itself, telescopic mechanism weight 
and the attached parts weight. And the load is 
assumed to be even-distribution along the whole jib. 
This relational expression can be expressed as 


= rn t g = G, 

PiL P,L 


( 7 ) 


Substituting Eq.(7) into Eq.(6) gives 
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According to table. 11 -2 of literature .8, the following 
equation is always right as well the jib section number 
is not larger than five, as shown in Eq.(9) 


P\ ~ P 2 — Pi ~ Pi+\ — Pk (9) 

Substituting l x = 0.5^ into Eq.(l) and substituting 
Eq.(9) into Eq.(8) 
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The equation shows that the highest time of integrand 
is no larger than three, thus its primitive function is 

easy to get as well as the value of displacement f ? . 
The algebraic sum of Eq.(2), Eq.(3) and Eq.(10) is the 
total displacement of jib. 


Engineering Example 

Take a three-section telescopic box jib for example. The 
cable length is 30 m, and the upper hinge point of 
hydraulic cylinder is set to be the middle position of 
the basic jib. According to the supporting mode of jib. 


its calculated model can be simplified as shown in Fig 
3. Geometric property data of the jib is listed in Tab 1. 



FIG.3 MODEL OF CALCULATION 


TABEL.l GEOMETRIC PROPERTY DATA OF BOOM 


jib 

Length 
LI mm 

Sectional 

Area 

/mm2 

Inertia 

Slender 

RatioA 

Mass 
ml kg 

Calculation 

Force 

GIN 

1 

12000 

1.77E+04 

1.79E+09 

56.16 

2092.14 

30754.46 

2 

11250 

1.63E+04 

1.40E+09 

57.75 

1806.24 

26551.78 

3 

11250 

1.48E+04 

1.07E+09 

63.87 

1640.03 

24108.37 


The model is simplified by converting other force 
except self weight into concentrated force and applied 
on the jib tip point. In the luffing plane, the axial force 
is 60000 N; the horizontal force is 10000 N; and the 
bending moment is 40000 N-m. The force of the 
slewing plane is excluded from discussion in this 
paper. 


Treat Self Weight As Concentrated Weight 

Some approximation is made in literature 8 that one- 
third of the self weight has effect on the jib tip point, 
and the rest has effect on the jib root. 

1) Equivalent Inertia Moment Method 

The maximum displacement of jib in the luffing 
plane is 576.59 mm, by using equivalent inertia 
moment method. 

2) Small Deformation TEA of Concentrated 
Weight 



] 


FIG 4 FEM MODEL OF TELESCOPIC BOOM 

Small deformation finite-element analysis is a finite 
element method without considering the impact of 
the additional blending moment. By using 
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Beaml88 element, a finite element model of this jib 
structure is constructed and analyzed in finite 
element software shown in Fig 4. 

The jib foot is hinged at the slewing platform by 
hinged pin shaft and the jib median is hinged with 
upper point of the luffing-hydraulic cylinder. So 
both three degree-of-freedom in three coordinates 
and rotation about x and z coordinate axes should 
be constrained, as well as the y -translational DOF 
of the upper point. One-third of its weight is 
applied on the jib tip point while the rest on the jib 
root. The additional bending moment caused by 
self weight is not considered. The analysis results 
are shown in Fig 5. 



— . 482447 -.361834 -.241222 -.120609 .35 


FIG 5 RESULT OF SMALL DEFORMATIN FEA 

The result shows that the maximum displacement 
of jib in the luffing plane is 542.89 mm. 

3) Large Deformation FEA of Concentrated 
Weight 

Unlike small deformation finite-element analysis, 
the impact of the additional blending moment is 
considered in large deformation finite element 
analysis. External loads are applied step by step, 
and the sub-step number can be set based on the 
accuracy of result. The analysis results are shown 
in Fig 6. 



-.567047 -.441036 -.315025 -.189013 -.063002 


-.504042 -.37803 -.252019 -.126008 . 37 : 

FIG 6 RESULT OF LARGE DEFORMATIN FEA 

The results show that the maximum displacement 
of the jib in the luffing plane is 567.06 mm. 

Reat Self Weight As Distributed Weight 

Both the difference of self-weight distribution and the 
impact of additional blending moment of each jib are 
carefully considered by treating self weight as 
distributed load. 


1) Theoretical Calculation of Distributed Weight 

By using the derived Eq. (9), the maximum 
displacement of jib in the luffing plane is 531.83 
mm. 

2) Small Deformation FEA of Distributed 
Weight 

A finite element model is established as shown in 
Fig 4, and the constraints of degree-of-freedom are 
the same. In addition, the self weight of each jib is 
applied to each jib respectively, in distributed load 
method. The results of small deformation finite 
element analysis are shown in Fig 7. 


:;y 



-.421143 -.315857 -.21057 -.105283 .41 

FIG 7 RESULT OF SMALL DEFORMATIN FEA 

The result shows that the maximum displacement 
of the jib in the luffing plane is 473.88 mm. 

3) Large Deformation FEA of Distributed Weight 

Analysis method of this case is the same as 
described in large deformation FEA of 
concentrated weight, but the self weight is applied 
as distributed load along each jib length. Analysis 
calculation results are shown in Fig 8. 



-.439555 -.329665 -.219775 -.109886 . 42 ' 


FIG 8 RESULT OF LARGE DEFORMATIN FEA 

The results show that the maximum displacement 
of the jib in the luffing plane is 494.51 mm. The 
above analysis results are shown in Tab 2. 

TABLE. 2 RESULTS OF CALCULATION 


Models 1) Concentrated 2) Distributed 


Method 

Case 

Case 

Case 

Eq.(10) 

Case 

Case 

2.1.1 

2.1.2 

2.1.3 

2.2.2 

2.2.3 

Defle 

-ction 

576.59 

542.89 

567.06 

531.83 

473.88 

494.51 

/mm 

Error% 

-16.6 

-9.8 

-14.7 

-7.5 

4.2 

0 
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Conclusions 

Using the above six kinds of calculation methods, the 
displacements of telescopic jib in the luffing plane are 
gained respectively. Actually, for the working 
condition of fully extended jib, the bending deflection 
is very large and the bending moment caused by 
external axial force and self weight can not be ignored, 
so the calculation of deformation should be in 
accordance with the large deformation geometric 
nonlinear theory. The results of calculation of different 
methods are compared and evaluated, benchmarked 
against the result of large-deformation finite element 
analysis. From the results of Tab 2, it can be seen that: 

1) By treating weight as concentrated weight, the two 
results calculated in equivalent-moment inertia 
method and in small deformation FEA of concentrated 
weight method are larger than the results by treating 
weight as distributed weight. This phenomenon that is 
consistent with the description in literature 3 and 
literature 8 is reasonable. Since the additional bending 
moment caused by jib nonlinear deformation is not 
considered by small deformation FEA, its result is 
smaller than others. 

2) By treating weight as distributed weight, the result 
from the deduced formula and the result from the 
small deformation FEA of distributed weight are both 
close to the standard value. However, the small 
deformation FEA result is smaller than the standard 
value, which is risky for design, thus this method is 
not recommend in engineering. 

3) Equivalent-moment inertia method is simple and 
practical, whose result is larger than standard value, 
leading to heavyweight telescopic jib. The result of 
Eq.(9) is more precise and reasonable. It is a science 
way to realize the lightweight and security of 
telescopic jib system. 
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